From geranylacetone and by the use of a variety of reagents, twelve analogues of the juvenile hormone III were synthesized. The compounds (5-16) have an isoprenic structure bearing at the extreme of the chain functional groups as carbonate, carbamate, thiolcarbonate, thiolcarbamate, carbonyloxyimino and thiol carbonyloxyimino. Compounds 5-9 present the normal unsaturated isoprenic chain while compounds 10-16 have a monoepoxide function. All the compounds were tested for their respective juvenile hormone activity for Triatoma infestans and Rhodniusprolixus. The most active compounds were those having a thiol carbonate group independently of the oxidation state of the molecule. The synthetic procedures and the biological results are discussed.
Introduction
It has been known for many years that analogues of natural juvenile hormone (JH) have a potency as insect growth controls [1] [2] [3] . Since that finding, a fair amount of compounds having juvenile hormone activity has been synthesized [4, 5] . It has been recognized that the JH activity of some of these products was specific to a particular order or even family of insects, and therefore, that there is not a fixed rule relating chemical structure and JH activity.
Among the synthetic JH mimics, several derivatives of thiolcarbamate have been prepared and tested with variable results [6] . As the three naturally occurring juvenile hormones present a sesquiterpene structure bearing and ester as the extreme function, we speculate in preparing molecules maintaining an isoprenic structure but replacing the ester moiety by a variety of functional groups such as carbonate, carbamate, thiolcarbonate, thiolcarbamate, carbonyloxyimino and thiocarbonyloxyimino. and testing their biological activities on Triatominae eggs.
Results

Synthetic approach
The syntheses of compounds 5-16 were achieved following the procedure depicted in Fig. 1 . Reduction of geranylacetone (1) gave l-(geranyl)-iso- 
16
* Reprint requests to Prof. Dr. E. G. Gros.
Verlag der Zeitschrift für Naturforschung, D-7400 Tübingen 0932-0776/88/0800-1038/$ 01.00/0 .0 7 = 6.0 7 = 6.0 7 = 6.0 7 = 6.0 7 = 6.0 7 = 6.0 7 = 6.0 7 = 6.0 7 = 6.0 7 = 6.0 7 = 6.0 7 = 6.0 7 = 6.0 7 = 6.0 
propanol (2) [7] which was subsequently condensed with ethyl chloroformate or ethyl chlorothioformate to yield compounds 5 and 6, respectively. On the other hand, geranylacetone was converted into the oxime (3) [8] which upon reduction afforded l-(geranyl)-isopropylamine (4). As before, reaction of 3 with ethyl chloroformate and ethyl chlorothioformate gave compounds 7 and 8 respectively. When the reactions with the same reagents were performed, in separate experiments, on the amine 4, compounds 9 and 10 were obtained, respectively. Products 5-10 were individually treated with m-chloroperbenzoic acid [9] affording the respective monoepoxy derivatives 11-16. All the compounds were purified by chromatographic procedures and characterized by their respective IR, 'H NMR, 13 C NMR, and mass spectra (Tables I, II and III) .
Biological assays
The eggs used were taken from laboratory colonies of Triatoma infestans and Rhodnius prolixus maintained at the INDIECH. The range of employed doses of JHA covered 0.5 to 15 //g in 0.1 ml of acetone. Each dose of JHA was assayed on groups of thirty eggs which were kept at 30 °C and 55 -70% r.h. The effect of JHA on Triatominae eggs was measured by their ability to prevent eclosion. After six weeks from the topication with JHA the percentage of hatchability was calculated. Control-treated eggs were treated with 0.3 /u \ of acetone. In the control-treated eggs not all the eggs hatched; corrections were made to allow for this fact. Corrected percentages of hatchability were plotted against dose of JHA and the ID-50 (doses to inhibit eclosion of 50% of the eggs) were calculated for the tested JHA [10] . The results are presented in Table IV . ID-50: dose required to produce 50% inhibition of egg eclosion.
Discussion
From Table IV it is evident that the synthetic compounds show a wide range of activity towards the inhibition of eclosion of the treated Triatominae eggs. Most of the compounds present low JH activity while compounds 5, 7, and 11 are moderately active, but compounds 6 and 12 can be considered as highly active. In fact, these resulted more active than pure JH-III. Considering the carbonates 5 and 11, and the thiolcarbonates 6 and 12, all of them of the same length and similar molecular shape, the difference should be attributed to the presence of the sulfur atom in the latter compounds. This activity is completely lost when a nitrogen atom is also present in the molecule as shown, for instance, by the comparison between compounds 6 and 10. In the latter case, the amide linkage should probably modify the overall shape of the molecules. An unexpected fact was that, in general, there was no significant changes in activity when an epoxy ring was introduced into the molecule as can be seen comparing the corresponding pairs of compounds 6-12, 5-11, etc.
Specifity of action of JH mimics can in part be attributed to molecular shape, though this fact, just for itself, it is not enough to explain the biological activity.
Experimental
'H NMR and 13 C NMR spectra were registered in the FT mode at 100 and 25 MHz respectively with a Varian XL-100-15 spectrometer in CDC1 3 -TMS solutions. Mass spectra were determined at 70 eV (direct inlet) with a Varian-MAT CH7-A spectrometer interfaced to a Varian-MAT Data System 166 computer. HPLC analyses were conducted on a Micromeritics Chromatograph using an Altech RSil C, S HL (10^m) (500x 10 mm) or an Altex Ultrasphere ODS (5 fxm) (250x10 mm) columns; solvents are indicated in each particular case.
6,10-Dimethyl-undeca-5 E, 9-dien-2-ol (2)
Geranylacetone (1) (5 ml) dissolved in THF (5 ml) was added to a suspension of LiAlH 4 (1 g) in THF (10 ml) and the mixture was refluxed for 3 h. The excess of reagent was destroyed by addition of EtOAc and the organic solvents were removed. The residue was taken in CH 2 C1 2 (50 ml), the solution was washed with a saturated solution of sodium tartrate (3x50 ml), dried over MgS0 4 and evaporated. The residue was purified by chromatography on silica gel eluting with CH 2 Cl 2 -EtOAc yielding pure 2 in 95% yield.
Geranylacetone oxime (3)
Geranylacetone (0.5 g) and NH.OH HCl (0.5 g) were dissolved in a mixture of abs. EtOH (0.5 ml) and pyridine (0.5 ml) and refluxed for 30 min. The EtOH was removed and CH 2 C1 2 (50 ml) was added. The solution was washed with 10% HCl (3x30 ml), sat. NaCO^H solution (2x30 ml), and water (2x30 ml) and dried over MgS0 4 . Evaporation of the solvent afforded compound 3 (90%).
6,10-Dimethyl-undeca-5 E, 9-dien-3-amine (4)
A solution of compound 3 (1.0 g) in THF (10 ml) was added dropwise to a 0.5 M solution of LiAlH 4 in THF, and the mixture was refluxed for 3 h. The reaction was worked-up as indicated for compound 2. Compound 4 was obtained in 90% yield.
[6,10-Dim ethyl-undeca -5 E, 9-dien -2-yl]-ethyl carbonate (5)
A solution of compound 2 (0.5 g) in pyridine (10 ml) was treated with ethyl chloroformate (2 ml) and the mixture was stirred at room temp, for 14 h. After addition of CH 2 C1 2 (50 ml) the solution was washed with 10% HCl (3x15 ml), with sat. solution of NaCO^H (2x15 ml) and water (2x15 ml), and dried over MgS0 4 . Evaporation of the solvent afforded 5 in 83% yield. [6,10-dimethyl-undeca-5 E, 9-dien-2-yl/-thiolcarbonate (6) A solution of compound 2 (392 mg) in Pyridine (10 ml) was treated with ethyl chlorothioformate (274 mg) and the mixture was stirred at room temp, for 12 h. The reaction mixture was worked-up as indicated for compound 5. The product was purified by HPLC using MeOH (6 ml/min) as eluent yielding compound 6 in 73% yield.
S-Ethyl-
Compound 3 (0.8 g) dissolved in pyridine (10 ml) was treated dropwise with ethyl chloroformate (2 ml) and the mixture was stirred at room temp, for 14 h. After the usual treatment, the reaction product was purified by flash chromatography on silica gel eluting with hexane-EtOAc (9:1) to afford compound 7 in 81% yield.
6J0-Dimethyl-undeca-5E,9-dien-2-(ethylthiocarbonyloxyimino) (8)
Compound 3 (0.42 g) in pyridine (10 ml) was treated dropwise with ethyl chlorothioformate (0.274 g) and the mixture was stirred overnight at room temp. After the usual treatment, the product was purified by HPLC using Me0H-H 2 0 (8:2) as eluent at a rate of 3 ml/min to afford pure compound 8 in 75% yield.
N- (6, E,
Compound 4 (0.30 g) in pyridine (20 ml) was treated dropwise with ethyl chloroformate (2 ml) and the mixture was stirred at room temp, for 14 h. After the usual work-up, the product was purified by HPLC using Me0H-H 2 0 (95:5) as eluent at a rate of 6 ml/min. Compound 9 was obtained in 70% yield.
A solution of compound 4 (0.295 g) in pyridine (10 ml) was treated dropwise with ethyl chlorothioformate (0.210 g) and the mixture was stirred at room temp, for 14 h. After the usual work-up, the product was purified by column chromatography (silica gel) eluting with hexane-CH 2 Cl 2 (1:1) and by HPLC using Me0H-H : 0 (95 :5) as eluent at a rate of 6 ml/min. Pure 10 was isolated in 63% yield.
Monoepoxldation of compounds
5-10
General procedure:
The substrate (compounds 5-10) was dissolved in CH 2 C1 2 , the solution was cooled to 0 °C and a solution of m-chloroperbenzoic acid (73%) in CH 2 C1 2 was added dropwise. The reaction mixture was stirred for 4 h. Once at room temp, the solution was washed with sat. solution of NaCO ? H and with water, and dried over MgS0 4 . Evaporation of the solvent afforded a mixture of monoepoxides which were separated by HPLC using MeOH -H 2 0 (85:15) as eluent at a rate of 3 ml/min. The figures for the reactions are indicated in Table V . Table V 
